
LAPD Procedure Summary 

The following three dewar and bottle change procedures can be performed 
at anytime.   

Dewar change procedure (argon source #1) 

Bottle change procedure (argon source #2) 

Bottle change procedure (argon source #3) 

The following procedures should be performed in order:  

1. High purity argon piping preparation procedure 

2. Oxygen and molecular sieve filter regeneration procedure – prior to 

system startup 

3. Tank configuration prior to system startup procedure 

4. Tank purging procedure 

5. Tank gas recirculation procedure 

6. Tank filling procedure 

a. Warm 

b. Cold 

7. Tank refrigeration procedure 

8. Tank refrigeration with liquid pump – Normal Operating Configuration  

9. Tank emptying procedure 

If the filters need to be regenerated while the system is cold the following 
procedure should be followed: 

10. Oxygen and molecular sieve filter regeneration procedure – with liquid in tank 
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These three bottle and dewar change procedures may be performed by PPD 
techs trained in these procedures or by PPD techs under the supervision of a 
PPD engineer.  Each of the three argon sources has a PLC alarm which will alert 
personnel when the source is empty.  Argon is used for tank purging, relief valve 
purging, pneumatic valve actuation, etc.     

Dewar change procedure (argon source #1) 

1. Close MV-116-Ar.   
2. Close the gas use isolation valve on each of the four dewars.   
3. Open MV-115-Ar and blow down the manifold to 0 psig as indicated on PI-

176-Ar.   
4. Close MV-115-Ar.   
5. Disconnect all four dewars from the manifold braided flexible hoses. 
6. Connect four new dewars to the CGA-580 connection on the braided 

flexible hoses.   
7. Open the gas use valve on one of the four dewars and pressurize the 

manifold.  Snoop all four flexible hose to dewar connections.   Close the 
gas use valve. 

8. Blow down the manifold thru MV-115-Ar to a 0 psig.   
9. Repeat the pressurizing from the dewar gas use isolation valve and 

subsequent blow down thru MV-115 five times for each dewar.      
10. Open all four dewar gas use valves. 
11. Open MV-116-Ar.   

 

Bottle change procedure (argon source #2) 

1. Close MV-126-Ar (3-way valve).   
2. Close the gas use isolation valve on each of the four bottles.   
3. Open MV-118-Ar (3-way valve) to its vent position and blow down the 

manifold to 0 psig as indicated on PI-181-Ar.   
4. Close MV-118-Ar.   
5. Disconnect all four bottles from the manifold braided flexible hoses. 
6. Connect four new bottles to the CGA-580 connection on the braided 

flexible hoses.   
7. Open the gas use valve on one of the four bottles and pressurize the 

manifold.  Snoop all four flexible hose to bottle connections.   Close the 
bottle gas use valve. 

8. Blow down the manifold thru MV-118-Ar to a 0 psig.   
9. Repeat the pressurizing from the bottle gas use isolation valve and 

subsequent blow down thru MV-118 five times for each bottle.      
10. Open all four bottle gas use valves. 
11. Open MV-126-Ar.   

 

Bottle change procedure (argon source #3) 

version 11.13.12 page 2



1. Close MV-137-Ar (3-way valve).   
2. Close the gas use isolation valve on each of the four bottles.   
3. Open MV-135-Ar (3-way valve) to its vent position and blow down the 

manifold to 0 psig as indicated on PI-183-Ar.   
4. Close MV-135-Ar.   
5. Disconnect all four bottles from the manifold braided flexible hoses. 
6. Connect four new bottles to the CGA-580 connection on the braided 

flexible hoses.   
7. Open the gas use valve on one of the four bottles and pressurize the 

manifold.  Snoop all four flexible hose to bottle connections.   Close the 
bottle gas use valve. 

8. Blow down the manifold thru MV-135-Ar to a 0 psig.   
9. Repeat the pressurizing from the bottle gas use isolation valve and 

subsequent blow down thru MV-135 five times for each bottle.      
10. Open all four bottle gas use valves. 
11. Open MV-137-Ar.   
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1 - High purity argon piping preparation procedure 

A PPD engineer must be present for all steps of this procedure.  This procedure 
configures the argon purification piping prior to system startup by removing all air 
from the piping.     

1. Lock closed the valves shown in the attached schematic.  Lock open MV-
483-Ar and attach SP-484-Ar to its outlet.  The tank will breathe thru SP-
484-Ar to adjust to atmospheric pressure changes.   

2. Other system valves should also be configured per the attached 
schematic.  Highlighted valves are to be put in the open position.  Valves 
not highlighted are to remain closed. 

3. Open MV-513-Ar, MV-540-Ar, MV-565-Ar, and MV-573-Ar.  
4. Close MV-237-Ar. 
5. Open MV-152-N2. 
6. Flow 500 SCFH as indicated by FI-592-HAr of N2 thru the filters for 15 

minutes. 
7. Close MV-152-N2.   
8. Open MV-154-HAr.   
9. Flow 500 SCFH as indicated by FI-592-HAr of H2/Ar thru the filters for 15 

minutes.   
10. Close MV-154-HAr. 
11. Open MV-237-Ar 
12. Flow 500 SCFH as indicated by FI-592-HAr  of argon thru the filters for 30 

minutes.   
13. Close MV-513-HAr, MV-565-HAr, MV-540-HAr, and MV-573-HAr. 
14. Open MV-486-Ar and MV-339-Ar.   
15. Flow 5 SCFM of argon gas thru FCVE-300-Ar for 30 minutes.  Control 

FCVE-300-Ar with the PLC. 
16. Close MV-486-Ar and MV-339-Ar.   
17. Open MV-608-Ar and MV-609-Ar.   
18. Flow 30 SCFH of argon gas thru FCVE-606-Ar for 30 minutes.  Control 

FCVE-606-Ar with the PLC. 
19. Close MV-608-Ar and MV-609-Ar.   
20. Open MV-472-Ar. 
21. Open AV-432-Ar for 10 minutes using the PLC and then close the valve.   
22. Close MV-472-Ar.   
23. Connect a dry roughing vacuum pump to MV-694-Ar. 
24. Open MV-694-Ar and evacuate the yellow highlighted sections of piping.   
25. Connect a dry roughing vacuum pump to MV-486-Ar. 
26. Open MV-486-Ar and evacuate the yellow highlighted sections of piping.   
27. Close MV-486-Ar and MV-694-Ar.   
28. Back fill the evacuated piping by opening MV-513-HAr and pressurizing 

the piping with 5 psig of argon gas as indicated by PI-571-Ar.   
29. Repeat steps 23 thru 28 3 times. 
30. Proceed to “Oxygen and molecular sieve filter regeneration procedure – 

prior to system startup.” 
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1 - High purity argon piping preparation procedure 

A PPD engineer must be present for all steps of this procedure.  This procedure 
configures the argon purification piping prior to system startup by removing all air 
from the piping.     

1. Lock closed MV-1005-N2, MV-5001-Ar, and MV-5002-Ar.   
2. System valves should be configured per the attached schematic.  

Highlighted valves are to be put in the open position.  Valves not 
highlighted are to remain closed. 

3. Open MV-513-Ar, MV-540-Ar, MV-565-Ar, and MV-573-Ar.  
4. Close MV-667-Ar and MV-553-Ar to isolate the filters.   
5. Close MV-237-Ar. 
6. Open MV-152-N2. 
7. Flow 500 SCFH as indicated by FI-592-HAr of N2 thru the filters for 15 

minutes. 
8. Close MV-152-N2.   
9. Open MV-154-HAr.   
10. Flow 500 SCFH as indicated by FI-592-HAr of H2/Ar thru the filters for 15 

minutes.   
11. Close MV-154-HAr. 
12. Open MV-237-Ar 
13. Flow 500 SCFH as indicated by FCV-592-HAr and 100 SCFH as indicated 

by FCV-714-HAr of Ar thru the filters for 30 minutes.   
14. Close MV-513-HAr, MV-565-HAr, MV-540-HAr, and MV-573-HAr. 
15. Open MV-667-Ar and MV-553-Ar. 
16. Open MV-486-Ar and MV-339-Ar.   
17. Flow 5 SCFM of argon gas thru FCVE-300-Ar for 30 minutes.  Control 

FCVE-300-Ar with the PLC. 
18. Close MV-486-Ar and MV-339-Ar.   
19. Open MV-608-Ar.  Unplug outlet of MV-609-Ar.   Open MV-609-Ar.     
20. Flow 30 SCFH of argon gas thru FCVE-606-Ar for 30 minutes.  Control 

FCVE-606-Ar with the PLC. 
21. Close MV-608-Ar and MV-609-Ar.  Plug outlet of MV-609-Ar. 
22. Unplug MV-472-Ar and attach a 0-100 SCFH flowmeter.  Open MV-472-

Ar. 
23. Open AV-432-Ar for and adjust the flowmeter to 100 SCFH.  Flow 100 

SCFH for 10 minutes.   
24. Close MV-472-Ar.  Remove flowmeter and plug the outlet of MV-472-Ar.    
25. Unplug MV-694-Ar and connect a dry roughing vacuum pump to MV-694-

Ar. 
26. Open MV-694-Ar and evacuate the yellow highlighted sections of piping.   
27. Connect a dry roughing vacuum pump to MV-486-Ar. 
28. Open MV-486-Ar and evacuate the yellow highlighted sections of piping.   
29. Close MV-486-Ar and MV-694-Ar.   
30. Back fill the evacuated piping by opening MV-513-HAr and pressurizing 

the piping with 5 psig of argon gas as indicated by PI-571-Ar.   
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31. Repeat the pump and back fill 3 times.   
32. Disconnect vacuum pumps and plug MV-694-Ar. 
33. Proceed to “Oxygen and molecular sieve filter regeneration procedure – 

prior to system startup.” 
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2 - Oxygen and molecular sieve filter regeneration procedure – prior to 
system startup 

A PPD engineer must be present for each step of the filter regeneration 
procedure.  The PLC controlled portions may be unattended if PPD has 
authorized unattended operation and the PPD engineer decides the system is 
stable.  This procedure regenerates the molecular sieve and oxygen filters so 
that they are at full capacity prior to the startup of the argon purifying system.     

1. Configure the system valves as shown in the attached schematic 
entitled “Oxygen filter regeneration prior to tank purge procedure 
schematic.” 

2. Open FCV-592-HAr and adjust to 500 SCFH.   
3. Turn on the oxygen filter regeneration heater PLC control loop.  Make the 

heater set points 150 C and heater power limit 50%.  Wait for the filter bed 
temperatures to stabilize.  This may take several hours.    

4. Slowly open FCV-714-HAr and adjust the flow of 2.5%H2 / 97.5%Ar to 10 
SCFH.  Watch for filter bed self-heating at all subsequent steps.  If self 
heating occurs then pause until conditions stabilize.  Reduce H2/Ar flow if 
its necessary to reduce self heating in this step or subsequent steps.       

5. After 1 hour, increase the flow of H2 / Ar to 30 SCFH as indicated by FCV-
714-HAr. 

6.  After 1 hour, increase the flow of H2 / Ar to 60 SCFH as indicated by 
FCV-714-HAr. 

7. After 1 hour, increase the flow of H2 / Ar to 100 SCFH as indicated by 
FCV-714-HAr. 

8. After 1 hour, increase the heater set points to 175 C and heater power 
limit to 75%. 

9. After 1 hour, increase the heater set points to 200 C and heater power 
limit to 100%. 

10. After 1 hour, increase the heater set points to 225 C. 
11. After 1 hour, increase the heater set points to 250 C. 
12. Allow bed temperatures to stabilize.  Once the bed temperatures are 

stable, oxygen filter regeneration is complete when AE-566-Ar reaches an 
asymptotic low.   

13. After the oxygen filter regeneration is complete turn off the gas heaters 
using the PLC.   

14. Close both FCV-592-HAr and FCV-714-HAr.    
15. Close MV-565-HAr. 
16. Close MV-535-HAr and MV-685-HAr. 
17. Close MV-270-HAr. 
18. Connect a turbo vacuum cart to MV-539-HAr.   
19. Open MV-539-HAr and vacuum pump on the oxygen filter while it cools to 

room temperature.   
20. Close MV-539-HAr and disconnect the turbo vacuum cart.  
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21. Turn on “Dry Vacuum Pump 1” and measure the base vacuum using PE-
996-V.  When the base vacuum is less then 100 microns proceed to the 
next step.   

22. Open MV-965-V, MV-997-V, MV-903-V, MV-901-V and evacuate to 100 
microns as indicated by PE-996-V. 

23. Close MV-965-V. 
24. Open MV-906-V and back fill the oxygen filter with argon utility gas to 15 

psig.  Modulate the flow using MV-901-V to keep the pressure indicated by 
PI-998-V positive. 

25. Close MV-906-V, MV-997-V, MV-903-V, MV-901-V. 
26. Configure the system valves as shown in the attached schematic 

entitled “Molecular sieve filter regeneration prior to tank purge 
schematic.” 

27. Open FCV-592-HAr and adjust flow 500 SCFH.   
28. Turn on the molecular sieve filter regeneration heater PLC control loop.  

Make the heater set points 250 C and heater power limit 100%.  Wait for 
the filter bed temperatures to stabilize.  This may take several hours.   

29.  Molecular sieve filter regeneration is complete when AE-576-Ar reaches 
an asymptotic low. 

30. After the molecular sieve filter regeneration is complete turn off the gas 
heaters using the PLC. 

31. Close FCV-592-HAr. 
32. Close MV-573-HAr. 
33. Close MV-535-HAr and MV-685-HAr. 
34. Connect a turbo vacuum cart to MV-539-HAr.   
35. Open MV-539-HAr and vacuum pump the molecular sieve filter while it 

cools to room temperature.   
36. Close MV-539-HAr and disconnect the turbo vacuum cart.   
37. Turn on “Dry Vacuum Pump 1” and measure the base vacuum using PE-

996-V.  When the base vacuum is less then 100 microns proceed to the 
next step.   

38. Open MV-965-V, MV-997-V, MV-903-V, MV-902-V and evacuate to 100 
microns as indicated by PE-996-V. 

39. Close MV-965-V. 
40. Open MV-906-V and back fill the oxygen filter with argon utility gas to 15 

psig.  Modulate the flow using MV-902-V to keep the pressure indicated by 
PI-998-V positive. 

41. Close MV-906-V, MV-997-V, MV-903-V, MV-902-V 
42. Proceed to “Tank configuration prior to system startup procedure”. 
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3 - Tank configuration prior to system startup procedure 

A PPD engineer should be present for all steps of this procedure.  The procedure 
configures the system prior to system startup.     

1. Lock closed MV-539-HAr, MV-694-Ar, MV-559-Ar, MV-633-Ar, and MV-
661-Ar.   

2. Other system valves should also be configured per the attached 
schematic.  Highlighted valves are to be put in the open position.  Valves 
not highlighted are to remain closed. 

3. The next step is the “Tank purging procedure” when ready to begin the 
filling process.   
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4 - Tank purging procedure 

A PPD engineer must be present for all steps of this procedure.  If PPD has 
approved unattended operation then a PPD engineer may initiate unattended 
operation during step 14 if conditions are stable.  This procedure removes the air 
inside the tank by flowing argon gas into the bottom of the tank and pushing air 
out the top of the tank.     

1. The following PLC loops should be active at the start of purging: 
a. PCV-351-Ar – tank vent to avoid over pressure 
b. AV-225-N2 – nitrogen supply shut-off in the event of PC4 ODH 
c. Compressor #1  - shutoff to avoid tank vacuum 
d. Compressor #2  - shutoff to avoid tank vacuum 
e. Vacuum pump #1 – shutoff to avoid tank vacuum 

2. Configure all valves as shown in the attached highlighted schematic.  
3. Turn on FCVE-300-Ar control loop to begin purging tank at 5 SCFM with 

argon.  
4. Open and adjust both FCV-221-Ar and FCV-222-Ar to 25 sccm.   
5. When the tank pressure reaches 0.3 psig as indicated by PT-369-Ar 

proceed to the next step.   
6. Turn on control loop for EV-852-Ar and make the set point 35 psia.   
7. Turn on compressor #2 using the PLC.  
8. Close MV-962-V and open MV-961-V to send tank gas to the DF-310 

oxygen analyzer AE-996-V.   
9. Close MV-922-V and open MV-921-V to send tank gas to the Halo Trace 

water analyzer AE-991-V.   
10. When AE-996-V reaches 10 ppm close MV-428-Ar and open MV-318-Ar.   
11. Close MV-219-Ar. 
12. When AE-996-V reaches 40 ppm oxygen, close MV-930-V and open MV-

929-V to send tank gas to the DF-310E oxygen analyzer AE-992-V. 
13. Close MV-938-V and open MV-937-V to send tank gas to the Servomex 

Nitrogen meter AE-993-V.    
14. Continue purge until AE-992-V reports <5 ppm oxygen. 
15. Close MV-220-Ar.   
16. Turn on PLC loop that will use FCVE-300-Ar to maintain 2 psig of argon 

pressure in the tank while the transition to gas recirculation is made. 
17. Close MV-458-Ar.   
18. Turn on the PLC loop that actuates AV-432-Ar to provide tank make up 

gas.  Open MV-433-Ar. 
19. Close MV-961-V and open MV-962-V to put the DF-310 oxygen meter AE-

996-V on argon utility gas.   
20. Close MV-954-V and open MV-953-V to put the DF-560 oxygen meter AE-

995-V on tank gas.   
21. Proceed to the “Tank gas recirculation procedure”. 
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5 - Tank gas recirculation procedure 

A PPD engineer must be present for each step of this procedure.  If PPD has 
approved unattended operation then the PPD engineer may initiate unattended 
operation if the process is stable after step 6.  This procedure uses a bellows 
pump to pull argon gas out of the top of the tank, send it thru the molecular sieve 
and oxygen filters, and then return the gas to the bottom of the tank in a closed 
loop.  Heaters on the tank shell will drive off water attached to the stainless steel.       

1. The following PLC loops should be active: 
a. AV-432-Ar – argon makeup gas to avoid tank vacuum 
b. PCV-351-Ar – tank vent to avoid tank over pressure 
c. AV-225-N2 – nitrogen supply shut-off in the event of PC4 ODH 
d. Compressor #1 - shutoff to avoid tank vacuum 
e. Compressor #2 - shutoff to avoid tank vacuum 
f. Vacuum pump #1 - shutoff to avoid tank vacuum 
g. AV-557-Ar – remains closed during gas recirculation 
h. FCVE-300-Ar – provides argon gas to keep the tank at 2 psig 

during the transition from the gas purging phase to the gas 
recirculation phase.   

2. Configure all valves as shown in the attached highlighted schematic. 
3. Using the PLC turn on vapor compressor #1. 
4. Turn off the FCVE-300-Ar control loop and close MV-339-Ar.   
5. Open MV-608-Ar and turn on the FCVE-606-Ar control loop to maintain 

tank pressure at 2 psig.    
6. Turn on tank shell heater PLC control loop and make the set point 50 C.   
7. Once the desired contamination level is reached during gas recirculation 

then gas recirculation may be maintained until the liquid argon supply is 
ready.   

8. Turn off tank shell heater PLC control loop and allow tank to cool for 1 day 
prior to start of liquid argon fill.  

9. Proceed to the “Tank filling procedure”.  
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6a - Tank filling procedure – warm fill 

A PPD engineer must be present for the entire fill procedure.  Prior to the fill 
preparations should be made for 24 hours of engineer shift coverage.  The fill 
process consists of connecting a vendor’s liquid argon trailer to the system and 
passing the liquid argon thru the filters on its way to the tank.  Prior to the liquid 
fill the tank will be full of clean argon gas.     

1. The following PLC loops should be active: 
a. AV-432-Ar – argon makeup gas to avoid tank vacuum 
b. PCV-351-Ar – tank vent to avoid tank over pressure 
c. AV-225-N2 – nitrogen supply shut-off in the event of PC4 ODH 
d. Compressor #1  - shutoff to avoid tank vacuum 
e. Compressor #2 - shutoff to avoid tank vacuum 
f. Vacuum pump #1 – shuts off to avoid tank vacuum 
g. AV-557-Ar – manually controlled by operator at PLC during fill 
h. FCVE-606-Ar – provides argon makeup gas to replace the argon 

gas sent to the gas analyzers to maintain tank at 2 psig.   
2. Configure all valves as shown in the attached highlighted schematic.  
3. Maintain the gas recirculation while the liquid argon fill line is prepared. 
4. Positively lock out any liquid pumps on the vendor liquid argon supply 

trailer.  A liquid pump must not be used to transfer the liquid argon under 
any circumstance.   

5. Verify the set point of the supply trailer back pressure regulator (relieving 
regulator).  The set point must be 70 psig or less.  If necessary adjust the 
set point so that its below 70 psig.  After adjustment observe that the back 
pressure regulator keeps the supply trailer vapor pressure under 70 psig. 

6. Lock open any isolation valves between the supply trailer and the back 
pressure regulator if the supply trailer MAWP is > 70 psig. 

7. Adjust the supply trailer pressure building loop regulator to a set point that 
is at least 10 psig less than the back pressure regulator set point.  
Observe its performance to ensure that the pressure building regulator 
does not fight the back pressure regulator.  Once performance is 
satisfactory lock the pressure building loop isolation valves closed if the 
supply trailer MAWP is > 70 psig.  If at any time during the fill the supply 
trailer vapor pressure is insufficient, only the engineer attending the fill 
may open pressure building loop if the supply trailer MAWP is > 70 psig.  
The engineer must attend the trailer while the pressure building loop is 
open and then lock closed the loop when the supply trailer vapor pressure 
is again sufficient if the supply trailer MAWP is > 70 psig. 

8. If at anytime the supply trailer vapor pressure exceeds 70 psig, the supply 
trailer must be isolated at its liquid withdrawal.  Steps are then to be taken 
to lower the supply trailer vapor pressure as determined by the attending 
engineer.      

9. Connect the liquid argon supply trailer to the liquid argon supply line.   
10. Verify that MV-549-Ar is closed.   
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11. Verify that MV-900-V, MV-932-V, MV-908-V, MV-940-V, MV-916-V, MV-
948-V, MV-924-V, MV-956-V are closed.  

12. Unplug MV-681-Ar and connect a dry roughing vacuum pump to MV-681-
Ar.     

13. Open MV-544-Ar. 
14. Open MV-681-Ar.   
15. Evacuate the liquid argon fill line between the supply trailer isolation valve 

and MV-549-Ar.   
16. Close MV-681-Ar to isolate the vacuum pump. 
17. Back fill the liquid argon supply line by opening the liquid argon supply 

trailer isolation valve and pressurize to a few pisg as indicated on PI-545-
Ar and close the supply trailer isolation valve.   

18. Repeat previous 4 steps five times.   
19. Open the supply trailer isolation valve to pressurize the liquid argon supply 

line up to the supply trailer pressure.   
20. Disconnect the dry roughing vacuum pump and plug MV-681-Ar.   
21. Close MV-929-V. 
22. Open MV-924-V so that the DF-310E oxygen analyzer AE-992-V analyzes 

the LAr supply gas.   
23. Close MV-946-V. 
24. Open MV-940-V so that the LaserTrace water analyzer AE-994-V 

analyzes the LAr supply gas.   
25. Close MV-937-V and open MV-932-V so that the Servomex nitrogen 

analyzer AE-993-V analyzes the LAr supply gas.   
26. Wait for AE-992-V to indicate less than 1 PPM oxygen.   
27. Once 1 ppm oxygen is reached turn off compressor #1 in the PLC.   
28. Turn off FCVE-606-Ar flow control loops.   
29. Close MV-675-Ar, MV-608-Ar, MV-610-Ar, MV-436-Ar, MV-464-Ar, MV-

340-Ar. 
30. Open MV-549-Ar 
31. Close MV-914-V. 
32. Open MV-909-V so that the LaserTrace oxygen analyzer AE-990-V 

analyzers oxygen filter output gas.   
33. Open MV-367-Ar very slowly to provide gas flow to the tank.  Provide 

enough flow to increase the pressure observed on PI-487-Ar slowly. 
34. Slowly open MV-367-Ar to cool down the tank.  Monitor the tank pressure 

on PI-487-Ar and adjust MV-367-Ar accordingly. 
35. Monitor liquid accumulation by observing LIT-323-Ar and LT-326-Ar. 
36. One supply trailer cannot over fill a warm tank.  When the trailer is empty 

close MV-549-Ar.   
37. Close MV-909-V. 
38. Open MV-914-V so that the LaserTrace oxygen analyzer AE-990-V 

analyzes argon utility gas.  
39. Close MV-932-V and open MV-937-V so that the Servomex nitrogen 

analyzer AE-993-V analyzes the tank vapor. 
40. Close MV-924-V. 
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41. Open MV-929-V so that the DF-310E oxygen analyzer AE-992-V analyzes 
the tank vapor.   

42. Allow the remaining liquid in the piping to vent thru the tank. 
43. Close MV-367-Ar to isolate the tank.   
44. Close the liquid argon supply trailer isolation valve. 
45. Open MV-547-Ar to vent the fill line.   
46. When the fill line has warmed to ambient disconnect the fill hose and close 

MV-547-Ar 
47. Proceed to the “Tank refrigeration procedure.” 
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6b - Tank filling procedure – cold fill 

A PPD engineer must be present for the entire fill procedure.  Prior to the fill 
preparations should be made for 24 hours of engineer shift coverage.  The fill 
process consists of connecting a vendor’s liquid argon trailer to the system and 
passing the liquid argon thru the filters on its way to the tank.  Prior to the liquid 
fill the tank will already contain liquid argon.     

1. The following PLC loops should be active: 
a. AV-432-Ar – argon makeup gas to avoid tank vacuum 
b. PCV-351-Ar – tank vent to avoid tank over pressure 
c. AV-225-N2 – nitrogen supply shut-off in the event of PC4 ODH 
d. Compressor #1  - shutoff to avoid tank vacuum 
e. Compressor #2 - shutoff to avoid tank vacuum 
f. Vacuum pump #1 – shuts off to avoid tank vacuum 
g. AV-557-Ar – manually controlled by operator at PLC during fill 

2. Prior to adding additional liquid argon to a tank already containing liquid 
argon the system should be in the state reached at the end of procedure 7 
or procedure 8.  The system can stay in either of these states until this 
procedure requires changing that state.   

3. Positively lock out any liquid pumps on the vendor liquid argon supply 
trailer.  A liquid pump must not be used to transfer the liquid argon under 
any circumstance.   

4. Verify the set point of the supply trailer back pressure regulator (relieving 
regulator).  The set point must be 70 psig or less.  If necessary adjust the 
set point so that its below 70 psig.  After adjustment observe that the back 
pressure regulator keeps the supply trailer vapor pressure under 70 psig. 

5. Lock open any isolation valves between the supply trailer and the back 
pressure regulator if the supply trailer MAWP is > 70 psig. 

6. Adjust the supply trailer pressure building loop regulator to a set point that 
is at least 10 psig less than the back pressure regulator set point.  
Observe its performance to ensure that the pressure building regulator 
does not fight the back pressure regulator.  Once performance is 
satisfactory lock the pressure building loop isolation valves closed if the 
supply trailer MAWP is > 70 psig.  If at any time during the fill the supply 
trailer vapor pressure is insufficient, only the engineer attending the fill 
may open pressure building loop.  The engineer must attend the trailer 
while the pressure building loop is open and then lock closed the loop 
when the supply trailer vapor pressure is again sufficient if the supply 
trailer MAWP is > 70 psig. 

7. If at anytime the supply trailer vapor pressure exceeds 70 psig, the supply 
trailer must be isolated at its liquid withdrawal.  Steps are then to be taken 
to lower the supply trailer vapor pressure as determined by the attending 
engineer.      

8. Connect the liquid argon supply trailer to the liquid argon supply line.   
9. Verify that MV-549-Ar is closed.   
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10. Verify that MV-900-V, MV-932-V, MV-908-V, MV-940-V, MV-916-V, MV-
948-V, MV-924-V, MV-956-V are closed.  

11. Unplug MV-681-Ar and connect a dry roughing vacuum pump to MV-681-
Ar.     

12. Open MV-544-Ar. 
13. Open MV-681-Ar.   
14. Evacuate the liquid argon fill line between the supply trailer isolation valve 

and MV-549-Ar.   
15. Close MV-681-Ar to isolate the vacuum pump. 
16. Back fill the liquid argon supply line by opening the liquid argon supply 

trailer isolation valve and pressurize to a few psig as indicated on PI-545-
Ar and close the supply trailer isolation valve.   

17. Repeat previous 4 steps five times.   
18. Open the supply trailer isolation valve to pressurize the liquid argon supply 

line up to the supply trailer pressure.   
19. Disconnect the dry roughing vacuum pump and plug MV-681-Ar.   
20. Close MV-929-V. 
21. Open MV-924-V so that the DF-310E oxygen analyzer AE-992-V analyzes 

the LAr supply gas.   
22. Close MV-946-V. 
23. Open MV-940-V so that the LaserTrace water analyzer AE-994-V 

analyzes the LAr supply gas.   
24. Close MV-937-V and open MV-932-V so that the Servomex nitrogen 

analyzer AE-993-V analyzes the LAr supply gas.   
25. Wait for AE-992-V to indicate less than 1 PPM oxygen.   
26. Turn off the liquid pump (if on) and turn off the tank refrigeration. 
27. Configure the system valves as shown in the “Tank filling (cold) procedure 

schematic”. 
28. Open MV-549-Ar 
29. Close MV-914-V. 
30. Open MV-909-V so that the LaserTrace oxygen analyzer AE-990-V 

analyzers oxygen filter output gas.   
31. Open MV-367-Ar very slowly to provide gas flow to the tank.  Provide 

enough flow to increase the pressure observed on PI-487-Ar slowly. 
32. Slowly open MV-367-Ar to cool down the tank.  Monitor the tank pressure 

on PI-487-Ar and adjust MV-367-Ar accordingly. 
33. Monitor liquid accumulation by observing LIT-323-Ar and LT-326-Ar. 
34. If the liquid level as indicated by LIT-323-Ar or LT-326-Ar reaches 5.7 psid 

or when the trailer is empty close MV-549-Ar.   
35. Close MV-909-V. 
36. Open MV-914-V so that the LaserTrace oxygen analyzer AE-990-V 

analyzers oxygen filter output gas.  
37. Close MV-932-V and open MV-937-V so that the Servomex nitrogen 

analyzer AE-993-V analyzes the tank vapor. 
38. Close MV-924-V. 
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39. Open MV-929-V so that the DF-310E oxygen analyzer AE-992-V analyzes 
the tank vapor.   

40. Allow the remaining liquid in the piping to vent thru the tank. 
41. Close MV-367-Ar to isolate the tank.   
42. Close the liquid argon supply trailer isolation valve. 
43. Open MV-547-Ar to vent the fill line.   
44. When the fill line has warmed to ambient disconnect the fill hose and close 

MV-547-Ar 
45. Proceed to the “Tank refrigeration procedure”. 
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7 - Tank refrigeration procedure 

A PPD engineer must be present for each step of this procedure.  If PPD has 
approved unattended operation the PPD engineer may initiate unattended 
operation once stable pressure control is obtained.  This procedure turns on the 
liquid nitrogen refrigeration system which condenses the argon boil off vapor in 
the LAPD tank.   

1. The following PLC loops should be active: 
a. AV-432-Ar – argon makeup gas to avoid tank vacuum 
b. PCV-351-Ar – tank vent to avoid tank over pressure 
c. AV-225-N2 – nitrogen supply shut-off in the event of PC4 ODH 
d. Compressor #1  - shutoff to avoid tank vacuum 
e. Compressor #2 - shutoff to avoid tank vacuum 
f. Vacuum pump #1 – shuts off to avoid tank vacuum 

2. Configure the system valves as shown in the attached schematic..   
3. Turn on the liquid nitrogen phase separator control loop in the PLC.  Make 

the set point 0.8 psid.   
4. Wait for the phase separator to achieve stable level control at the set 

point.   
5. Open SV-450-N and SV-321-N2.   
6. Using the tank pressure control loop in manual mode slowly open FCV-

312-N2.  Once FCV-312-N2 is close to the % open appropriate for 
pressure control switch the loop to auto mode with a set point of 2 psig.   

7. Once stable pressure control is established the operator may proceed to 
the “Tank refrigeration with liquid pump procedure” which is the normal 
operating condition.    
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8 - Tank refrigeration with liquid pump – Normal Operating Configuration 

A PPD engineer must be present for all steps of this procedure.  If PPD has 
approved unattended operation the PPD engineer may initiate unattended 
operation once the liquid recirculation is stable.  The procedure describes starting 
the liquid argon recirculation pump once the tank refrigeration is stable.  This 
procedure leads to the state that is considered the normal operating condition.       

1. The following PLC loops should be active: 
a. LN2 refrigeration loop 
b. AV-432-Ar – argon makeup gas to avoid tank vacuum 
c. PCV-351-Ar – tank vent to avoid tank over pressure 
d. AV-225-N2 – nitrogen supply shut-off in the event of PC4 ODH 
e. Compressor #1  - shutoff to avoid tank vacuum 
f. Compressor #2 - shutoff to avoid tank vacuum 
g. Vacuum pump #1 – shuts off to avoid tank vacuum 

2. System should be configured as shown in the attached schematic.  The 
argon purification piping will be pressurized from the tank vapor space.   

3.  Very slowly open MV-368-Ar.  This will introduce tank liquid into the argon 
purification piping.  Throttle MV-368-Ar so that the condenser can handle 
the additional heat load of the piping cool down.  Once MV-368-Ar is fully 
open and the condenser loop is stable proceed to the next step.   

4. Very slowly open MV-465-Ar.  This will cool down the condensate path to 
the pump. Throttle MV-465-Ar so that the condenser can handle the 
additional heat load of this piping section cool down.  Once MV-465-Ar is 
fully open and the condenser loop is stable proceed to the next step.   

5. Close MV-466-Ar.       
6. Close MV-553-Ar. 
7. Position MV-514-Ar to 3 turns open from closed.  This is the proper 

resistance to start the pump against.   
8. Open MV-718-Ar to allow any vapor to escape from the pump discharge.   
9. Using the PLC control loop start the pump at 3500 RPM.  
10. Once the pump catches prime close MV-718-Ar. 
11. Ramp the pump to 5,500 RPM in 250 RPM steps.  Adjust MV-514-Ar to 

keep the pump on its curve.   
12. Once the pump is stable thru the filter bypass at 5,500 RPM slowly open 

MV-514-Ar while slowly closing MV-367-Ar.  This must be done carefully 
to keep the pump on its curve.  Transferring the resistance from the pump 
discharge to the tank inlet will increase the likelihood of single phase liquid 
in the purification piping.   

13. Slowly open MV-553-Ar while slowly closing MV-516-Ar until MV-553-Ar is 
fully open and MV-516-Ar fully closed.  This will move the pumped flow 
from the bypass into the filters.  This step should be executed in a slow 
enough manner for the condenser to handle the additional heat load of 
filter cool down.       

14. If filter regeneration is required when the system is cold, follow “Oxygen 
and molecular sieve filter regeneration procedure with liquid in tank.” 
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15. If the tank must be emptied follow “Tank emptying procedure”. 
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9 - Tank emptying procedure 

A PPD engineer must be present for each step of the tank emptying procedure.  
If PPD has authorized unattended operation, the PPD engineer can initiate 
unattended operation during step 8 if the system is stable.  This procedure 
describes emptying the liquid argon tank.       

1. The following PLC loops should be active: 
a. PCV-351-Ar – tank vent to avoid tank over pressure 
b. AV-225-N2 – nitrogen supply shut-off in the event of PC4 ODH 

2. Turn liquid pump control loop off.   
3. Turn condenser and phase separator control loops off.   
4. Configure the system valves as shown in the attached schematic.  Any 

liquid in the piping and filters will boil off and vent thru the tank.     
5. Unlock MV-633-A and remove the valve’s outlet plug. 
6. Connect the designated vacuum insulated flexible hose to MV-633-Ar and 

the electric vaporizer.   
7. Turn on the electric vaporizer.   
8. Slowly open MV-633-Ar.  Adjust the resistance of MV-633-Ar to match the 

capacity of the vaporizer.  The vaporizer solenoid will close if the vaporizer 
outlet temperature drops below – 20 F.  MV-633-Ar should be adjusted to 
minimize the any chattering of the vaporizer solenoid valve SV-699-Ar.   

9. After the tank is empty lock closed MV-633-Ar. 
10. Remove the hose from the outlet of MV-633-Ar and plug the valve’s outlet.   
11. After the tank is empty the system should be setup as prescribed in the 

“Tank configuration prior to system startup procedure”.    
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10 - Oxygen and molecular sieve filter regeneration procedure with liquid in 
tank 

A PPD engineer must be present for all steps of this procedure.  If PPD has 
approved unattended operation a PPD engineer may initiate unattended 
operation during the PLC control phase once the process is stable.  This 
procedures details regenerating the oxygen and molecular sieve filters if there is 
liquid argon in the tank.     

1. The oxygen filter may be regenerated with or without liquid argon in the 
tank.  

2. The following PLC loops should be active: 
a. AV-432-Ar – argon makeup gas to avoid tank vacuum 
b. PCV-351-Ar – tank vent to avoid tank over pressure 
c. AV-225-N2 – nitrogen supply shut-off in the event of PC4 ODH 
d. Compressor #1  - shutoff to avoid tank vacuum 
e. Compressor #2 - shutoff to avoid tank vacuum 
f. Vacuum pump #1 – shuts off to avoid tank vacuum 

3. Turn off the liquid argon circulation pump. 
4. Lock closed MV-368-Ar. 
5. Lock closed MV-465-Ar.   
6. Allow liquid argon in piping and filters to boil off. 
7. Wait for filter RTDs to indicate a temperature greater than 0 C.   
8. Close MV-367-Ar to isolate tank from piping.  
9. Configure the system valves as shown in the attached schematic 

entitled “Oxygen filter regeneration procedure schematic (with liquid 
argon in tank).” 

10. Open FCV-592-HAr and adjust to 500 SCFH.   
11. Turn on the oxygen filter regeneration heater PLC control loop.  Make the 

heater set points 150 C and heater power limit 50%.  Wait for the filter bed 
temperatures to stabilize.  This may take several hours.    

12. Slowly open FCV-714-HAr and adjust the flow of 2.5%H2 / 97.5%Ar to 10 
SCFH.  Watch for filter bed self-heating at all subsequent steps.  If self 
heating occurs then pause until conditions stabilize.  Reduce H2/Ar flow if 
its necessary to reduce self heating in this step or subsequent steps.       

13. After 1 hour, increase the flow of H2 / Ar to 30 SCFH as indicated by FCV-
714-HAr. 

14.  After 1 hour, increase the flow of H2 / Ar to 60 SCFH as indicated by 
FCV-714-HAr. 

15. After 1 hour, increase the flow of H2 / Ar to 100 SCFH as indicated by 
FCV-714-HAr. 

16. After 1 hour, increase the heater set points to 175 C and heater power 
limit to 75%. 

17. After 1 hour, increase the heater set points to 200 C and heater power 
limit to 100%. 

18. After 1 hour, increase the heater set points to 225 C. 
19. After 1 hour, increase the heater set points to 250 C. 
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20. Allow bed temperatures to stabilize.  Once the bed temperatures are 
stable, oxygen filter regeneration is complete when AE-566-Ar reaches an 
asymptotic low.   

21. After the oxygen filter regeneration is complete turn off the gas heaters 
using the PLC.   

22. Close both FCV-592-HAr and FCV-714-HAr.    
23. Close MV-565-HAr. 
24. Close MV-535-HAr and MV-685-HAr. 
25. Close MV-270-HAr. 
26. Connect a turbo vacuum cart to MV-539-HAr.   
27. Open MV-539-HAr and vacuum pump on the oxygen filter while it cools to 

room temperature.   
28. Close MV-539-HAr and disconnect the turbo vacuum cart.  
29. Turn on “Dry Vacuum Pump 1” and measure the base vacuum using PE-

996-V.  When the base vacuum is less then 100 microns proceed to the 
next step.   

30. Open MV-965-V, MV-997-V, MV-903-V, MV-901-V and evacuate to 100 
microns as indicated by PE-996-V. 

31.  Close MV-965-V. 
32. Open MV-906-V and back fill the oxygen filter with argon utility gas to 15 

psig.  Modulate the flow using MV-901-V to keep the pressure indicated by 
PI-998-V positive. 

33. Close MV-906-V, MV-997-V, MV-903-V, MV-901-V 
34. Configure the system valves as shown in the attached schematic 

entitled “Water filter regeneration schematic (with liquid argon in 
tank).” 

35. Open FCV-592-HAr and adjust flow 500 SCFH.   
36. Turn on the molecular sieve filter regeneration heater PLC control loop.  

Make the heater set points 250 C and heater power limit 100%.  Wait for 
the filter bed temperatures to stabilize.  This may take several hours.   

37.  Molecular sieve filter regeneration is complete when AE-576-Ar reaches 
an asymptotic low. 

38. After the molecular sieve filter regeneration is complete turn off the gas 
heaters using the PLC. 

39. Close FCV-592-HAr. 
40. Close MV-573-HAr. 
41. Close MV-535-HAr and MV-685-HAr. 
42. Connect a turbo vacuum cart to MV-539-HAr.   
43. Open MV-539-HAr and vacuum pump the molecular sieve filter while it 

cools to room temperature.   
44. Close MV-539-HAr and disconnect the turbo vacuum cart.   
45. Turn on “Dry Vacuum Pump 1” and measure the base vacuum using PE-

996-V.  When the base vacuum is less then 100 microns proceed to the 
next step.   

46. Open MV-965-V, MV-997-V, MV-903-V, MV-902-V and evacuate to 100 
microns as indicated by PE-996-V. 
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47.  Close MV-965-V. 
48. Open MV-906-V and back fill the oxygen filter with argon utility gas to 15 

psig.  Modulate the flow using MV-902-V to keep the pressure indicated by 
PI-998-V positive. 

49. Close MV-906-V, MV-997-V, MV-903-V, MV-902-V 
50. Unlock MV-368-Ar but do not open. 
51. Unlock MV-465-Ar but do not open.   
52. Proceed to “Tank refrigeration with liquid pump”. 
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